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Abstract. We present a new, high resolution (5" per pixel) near-infrared extinction map of the 
Nuclear Bulge using data from the UKIDSS-GPS. Using photometry from the J, H and /T-bands 
we show that the extinction law parameter a is also highly variable in this region on similar scales 
to the absolute extinction. We show that only when this extinction law variation is taken into 
account can the extinction be measured consistently at different wavelengths. 



1. Introduction 

Study of the Nuclear Bulge (NB) is extremely difficult as it is one of the most highly obscured 
regions of the Galaxy. The extinction towards the NB is so great that it is almost impossible 
to observe at visual wavelengths. It is necessary to observe in the near-infrared (NIR) to 
obtain imaging similar to t hat normally obtained in visual. Previous measures of the NIR 
extinction towards the NB flCatchpole et al.lll990l : ISchultheis et~aDll999l : iDutra et al.ll2003l ) 



found the extinction to be highly spatially variable. We present a new mapping of the 
extinction towards the NB at a much higher resolution than previously possible. 



2. Extinction mapping 



We mapped the extinction across a region of approximately 2° x 2° centred on Sgr A* 
using near-infrared data from the (United King dom Infrared Deep Sky Survey - Galactic 
Plane Survey) UKIDSS-GPS flLucas et al.ll2007D . Using a 2:1 over-sampling, we obtained a 
resolution of 5" over the entire region, an order of magnitude better than previous maps. At 
each position on the map we use the median colour-indices of the stars within a 10" box to 
calculate the local extinction law parameter a using the equation: 



(Ai-A 2 ) 
(A2-A3) 
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Until recently, this extinction law parameter which indicates the relations hip between extinc 
tion and wavelength as A x oc A~ Q was thought to be a constant a ~ 2 (IMartin fc Whittet 
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Figure 1. Histograms of the values of extinction law parameter a measured across the 
NB (left figure) and the absolute extinction in magnitudes in the J, H and i^T-bands 
(blue, green and red respectively in the right figure). The fit to the measured a is shown 
as a gaussian with mean of 2.20 and standard deviation of 0.18. 



19901 : iRieke fc Lebofskvlll985l : iNishivama et al.ll2006f ) for the NB. We show that it is in fact 
highly variable in the NB. Using a local extinction law calculation, we then measure the 
absolute extinction in the J, H, and .fT-bands using the equations: 
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Our final calculation of absolute extinction takes into account the variation in the ex- 
tinction law as well as variation in the amount of absolute extinction at each location. Using 
data from the 3 bands, J, H , and K, we are able to calculate three measures of the extinction 
law and two measures of the absolute extinction for each band at each position in our map. 
Full details of this method will be presented in Gosling et al. (2008). 



3. Measured extinction 

Figure [TJ shows histograms of the value of the extinction law parameter a and the values of 
absolute extinction measured from the three colour-indices ratios. 

The same distribution of a is measured from all three colour indices ratios, and this 
distribution can be described by a gaussian with mean 2.20 and standard deviation 0.18. We 
suggest that a specific extinction law calculation be undertaken for all observations in the 
NB if possible, however, when this is not possible, we recommend a value of a = 2.2 ± 0.54 
be used. In such cases the possible variation from this mean of a should be considered as it 
can have a large effect on the relative values of absolute extinction calculated. 

Using the specific, local extinction law, we calculated the value of absolute extinction 
in the J, H and .fT-bands from all three colour indices ratios. We measured the extinction 
in magnitudes to be 1.8 < Aj < 10.0, 0.7 < A H < 7.0 and 0.3 < A K < 6.0. All three 
distributions have high extinction tails extending to higher values of absolute extinction 
than these ranges. Figure [2] shows the resultant extinction map as well as a false colour NIR 
and mid-infrared image of the same region for comparison. 

We repeated the extinction calculation described above using a single extinction law. We 
used a x 2 -test comparison between the extinction calculated for different bands to show that 
the calculation using the variable extinction law produced statistically consistent extinction 
in all three bands (differences within 3a of the overall distribution), whereas using a single 
extinction value produced statistically inconsistent extinction between bands (differences of 
10-50a of the overall distribution). 
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Figure 2. Main Figure: Ax map of the Nuclear Bulge made using data from the 
UKIDSS-GPS survey (see text) with resolution of 5". The colour scale ranges from 
(white) to 3.5 (black) magnitudes of extinction. Square black regions are area for which 
there is no data as yet in the UKIDSS catalogue. There is turnover to low extinction 
within some regions of high extinction where only foreground stars are observed as all 
background NB stars are obscured. Bottom-left: J, H, and .fT-band false-colour image 
of the NB from the UKIDSS-GPS, the photometry of which was used to produce the 
extinction map. Top-right: Spitzer false-colour image of the same region using the 3.6, 
5.4 and 8.0 fim channels scaled to reveal dust emission. Note the correspondence between 
the emission in this image and the regions of high extinction from the UKIDSS map. 



Conclusions 



We have presented a new, highly detailed map of the NIR extinction towards the NB using 
data from the UKIDSS-GPS. We find both variation in the degree of absolute extinction, 
and in the extinction law par ameter a. We show that the extinction law is not "universal" as 
had previously been thought dMartin & Whittetlll99CilRieke & Lebofskvlll985f h but is highly 
variable, and that only when this variation is taken into account can absolute extinction be 
calculated consistently at different wavelengths. We recommend that this variable extinction 
law be taken into account in all future extinction corrections. We intend to compare our 
extinction law and absolute extinction maps to dust emission observed with Spitzer {top- 
right insert in Figure [2]) to better determine the properties of the extincting material and so 
the distribution of gas and dust in the Bulge. 
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